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parkinsonism or post-stroke parkinsonism, also show 
correlation with advancing age.1 Post-stroke parkinsonism, 
which reportedly occurs in 1-4% of cases after stroke,2 is 
mainly characterized by gait disturbances (broad-based, 
shuffling, or freezing gait), postural instability, tremor, 

Introduction 

While idiopathic Parkinson’s disease (IPD) is a 
neurodegenerative disease that occurs in the aging brain, 
many other causes of parkinsonism, such as vascular 

Abstract

Post-stroke parkinsonism usually presents with bradykinesia, resting tremor, and movement 

disabilities and reportedly responds poorly to rehabilitative and pharmacological treatment 

in contrast to Parkinson’s disease. However, we encountered a patient with subarachnoid 

hemorrhage caused by a ruptured anterior communicating artery aneurysm who developed 

parkinsonism, which manifested with hypokinetic hypophonic dysarthria and masked facies. 

Brain 18F-fluorodeoxyglucose positron emission tomography/computed tomography revealed 

decreased glucose metabolism in the bilateral basal ganglia. He underwent 18 sessions of 

Lee Silverman Voice Treatment (LSVT) for 60 min, once daily, and he gradually increased the 

previously prescribed doses of levodopa and benserazide to 200 mg and 50 mg, respectively, 

three times a day. The patient’s dysarthria improved from moderate to mild dysarthria. His 

masked facies also improved remarkably 6 weeks after admission. Along with levodopa 

administration, LSVT could be suggested as an effective treatment tool for hypophonic 

dysarthria due to post-stroke parkinsonism.
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and bradykinesia. However, we encountered a patient 
with a ruptured aneurysm and subarachnoid hemorrhage 
who developed parkinsonism and presented with marked 
dysarthria and masked facies instead of the typical features 
of post-stroke parkinsonism.

The Lee Silverman Voice Treatment (LSVT), developed 
by Ramig et al. in 1987, is an intensive voice treatment. It 
includes tasks that require patients to speak aloud, which 
maximizes their voice intensity and breathing ability and 
provides an effective speech therapy for patients with 
speech disorders related to IPD.3 However, few studies 
have focused on its efficacy on secondary parkinsonism. 
Our patient showed marked improvement in hypokinetic 
hypophonic dysarthria and masked facies after LSVT. 
Although most previous case reports have stated that 
secondary parkinsonism does not respond well to levodopa 
treatment,4 the patient reported herein showed considerable 
improvement through LSVT and levodopa administration. 
Therefore, we report a patient with unusual symptoms 
of post-stroke parkinsonism that significantly improved 
through intensive speech treatment.

Case Report

A 48-year-old Asian man had a medical history of 
hypertension, diabetes mellitus, and dyslipidemia for 3 
years, all of which were controlled with oral medications. 
He had no history of parkinsonism before the onset of 
stroke. He also had no history of other medications such 
as atypical antipsychotic drugs associated with drug-
induced parkinsonism. He was diagnosed with an anterior 
communicating artery aneurysm measuring 1 cm × 0.8 cm 
and subarachnoid hemorrhage and underwent embolization 
at another hospital the same day. He was transferred to our 
hospital for rehabilitative treatment 3 months after the onset 
of stroke.

On the  day of  hospit a l i zat ion,  h is  speech was 
unintelligible owing to the monotony of his words and 
low intensity of his voice. Moreover, his hypomimia made 

it difficult to identify his emotions. The patient’s family 
often misconstrued his condition as depression. His 
muscle strength was relatively well preserved upon initial 
assessment at our hospital: the Medical Research Council 
Scale for muscle strength was 5 on the right side and 4 on 
the left side. Gait disturbances, postural instability, tremors, 
and bradykinesia were not observed.

The patient was subsequently diagnosed with post-stroke 
parkinsonism based on the above-mentioned symptoms. He 
was assessed using the motor examination segment of the 
Unified Parkinson’s Disease Rating Scale-Part III (UPDRS-
III). His initial motor examination score on the UPDRS-
III was 7 out of 56; the speech and facial expression 
scores were 3 and 4, respectively. We also evaluated his 
vocalization and speech using the LSVT LOUD protocol 
(see Supplemental appendix A for details).5,6 His initial 
maximum phonation time for the sustained phonation of /a/ 
was 4.22 s, with a sound pressure level of 76 dB. The initial 
sound pressure levels while reading two words were 75.37 
dB and 71 dB while reading a paragraph. The highest pitch 
for the phonation of /a/ was 210 Hz, and the lowest pitch 
was 133 Hz. The pitch range was narrow and monotonous 
at 77 Hz. Individual speech sound could be heard, but he 
exhibited a low, rapid, murmur type of speech. His overall 
speech intelligibility was very poor, and it was difficult 
for others to understand him. He was then diagnosed with 
hypokinetic hypophonic dysarthria (moderate to severe), 
a communication disorder. Subsequently, speech therapy 
was prescribed with the aim of improving his phonation 
and dysarthria to enhance his speech intelligibility at short 
word levels.

Initial brain computed tomography performed at onset 
of stroke showed no other abnormalities except for the 
subarachnoid hemorrhage and intracerebral hemorrhage in 
the frontal region (Fig. 1A). Brain computed tomography 
performed 3 months after injury showed a low-attenuating 
lesion in the left frontal lobe without hydrocephalus (Fig. 
1B). A functional imaging test was also performed to 
determine the cause of the patient's persistent symptoms. 
Bra in  18F-f luorodeoxyglucose  posit ron em ission 
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tomography/computed tomography (18F-FDG-PET/CT) 
performed 1 week after admission revealed decreased 
glucose metabolism in the bilateral basal ganglia and 
multiple ischemic regions in the bilateral cerebral cortex 
(Fig. 1C). 

Dysarthria and hypomimia occurred with the onset of 
stroke. Two months after the initial symptom development, 
he was administered 100 mg levodopa and 25 mg 
benserazide hydrochloride once a day at the previous 
hospital for one month. However, he did not show any 
improvement during this time. He was then admitted to our 
hospital 3 months after the initial onset, and we gradually 
increased the prescribed doses of the levodopa/benserazide 
combination. Two days after his admission, the levodopa/
benserazide was increased to 50 mg/12.5 mg three times a 
day, and after 3 days to 150 mg/37.5 mg three times a day, 

and after another 3 days to a final dose of 200 mg/50 mg 
three times a day. However, the patient still did not show 
significant improvement of dysarthria and hypomimia. 
Since the patient did not show significant improvement with 
pharmacologic treatment, speech therapy was started on the 
7th day from the day levodopa/benserazide was increased 
to the final dose. Following the LSVT LOUD protocol, 
LSVT was performed by a qualified and experienced 
speech therapist with an LSVT LOUD certification for the 
treatment of parkinsonian dysarthria. The patient received 
a total of 18 sessions of LSVT lasting 60 min each day for 
4 weeks. He also received comprehensive rehabilitation 
therapy, including physical therapy twice a day, and 
occupational therapy once a day for 30 min each.

The follow-up speech evaluation was performed 4 
weeks from the initial evaluation. He was medically stable, 

Fig. 1. (A) Initial brain computed tomography showing subarachnoid hemorrhage and intracerebral hemorrhage in the left frontal lobe 
owing to the ruptured aneurysm. (B) Brain computed tomography obtained 3 months after stroke showing decreased attenuation in the 
left frontal lobe without hydrocephalus. (C) Brain 18F-fluorodeoxyglucose positron emission tomography-computed tomography images 
revealing decreased glucose metabolism in bilateral basal ganglia, left frontal lobe and bilateral cerebral cortices.
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and there was no difference in his medical status during 
the initial versus the follow-up evaluation. As primary 
outcomes, the maximum phonation time, pitch range, and 
sound pressure levels, which were the values that have 
shown improvement on LSVT treatment for Parkinson’s 
disease in previous studies, were measured.7-9 The patient’s 
mean maximum phonation time improved from 4.22 s to 
9.48 s after the cessation of the LSVT sessions (Fig. 2A). 

The sound pressure level improved from 76 dB to 88.2 dB 
when the patient consistently produced the /a/ sounds (Fig. 
2B). The highest pitch during the phonation of /a/ improved 
from 210 Hz to 229.66 Hz. The lowest pitch during the 
phonation of /a/ improved from 133 Hz to 104 Hz. The 
pitch range increased from 77 Hz to 133.67 Hz, indicating 
an improvement in pitch control (Fig. 3A). Sound pressure 
levels improved when the patient read two succeeding 

Fig. 2. (A) The mean of the maximum phonation time (in seconds) improved after the Lee Silverman Voice Treatment. (B) Sound 
pressure levels (dB) during the sustained phonation of /a/ also improved with the Lee Silverman Voice Treatment.

Fig. 3. (A) The sound pitch range during the phonation of /a/ widened, thus improving the patient's pitch control. (B) Sound pressure levels  
(in dB) while the patient read two succeeding words or a full paragraph improved, allowing the patient a louder and clearer speech.
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words to full paragraphs, indicating an improvement in his 
speech intelligibility (Fig. 3B). His moderate dysarthria 
was improved to a mild degree, and this improvement was 
reflected in his speech clarity. He exhibited mild dysarthria 
at sentence-level speech intelligibility, and only occasional 
unnatural intonation and syllable clustering were observed. 
Improvements in dysarthria made social communication 
possible.

His masked facies also improved. On the first day of 
hospitalization, he had mask-like facial expressions and 

decreased blinking. The expression of his mouth improved 
gradually, and 6 weeks following his admission, he was 
able to smile using the zygomatic, orbicularis oris, and 
orbicularis oculi muscles (Fig. 4). His UPDRS-III score 
decreased from 7 out of 56 to 2 on the day of his discharge. 
His speech and facial expressions improved greatly to 1 
point each. The overall score improved by approximately 
71.4% (Table 1).

Fig. 4. Facial expression of the patient at (A) day 1 of hospitalization, (B) four weeks after hospitalization, and (C) six weeks after 
hospitalization.

Table 1. Unified Parkinson's Disease Rating Scale-Part III (UPDRS-III) (Motor Examination) Scores Upon Initial Assessment and Discharge

UPDRS-III subscales Initial score Final score at discharge

Speech 3 1
Facial expression 4 1
Tremor at rest 0 0
Action or postural tremor of hands 0 0
Rigidity 0 0
Finger taps 0 0
Hand movements 0 0
Rapid alternating movements of hands 0 0
Leg agility 0 0
Arising from chair 0 0
Posture 0 0
Gait 0 0
Postural stability 0 0
Body bradykinesia and hypokinesia 0 0
Total score 7 2

A B C
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Discussion 

It is well known that IPD mainly affects the elderly, 
with two-thirds of the patients being over the age of 70 
years.10 However, there are many other major causes 
of parkinsonism in the geriatric population, and the 
prevalence of parkinsonism increases with advancing age.11 
In addition, the proportion of parkinsonism not due to IPD 
also increases with age.10 Therefore, effective treatment for 
secondary parkinsonism will be helpful in managing the 
elderly with various symptoms of parkinsonism.

In our patient, post-stroke parkinsonism with features 
of hypomimia and dysarthria improved significantly 
with LSVT and levodopa administ rat ion. Patients 
with post-stroke parkinsonism generally present with 
bradykinesia, resting tremor, muscular rigidity, and gait 
impairment.12 Secondary parkinsonism, including post-
stroke parkinsonism, has been known to be less responsive 
to levodopa treatment. Our case is rare and worth reporting 
since the patient’s principal presenting symptoms included 
dysarthria and hypomimia, which are considered axial 
symptoms and are uncommon in post-stroke parkinsonism. 
Moreover, the patient responded well to pharmacological 
therapy along with intensive speech therapy, in contrast to 
the results of previous studies.4 

Our therapeutic approach was focused on speech 
rehabilitation for alleviating the symptoms of dysarthria. 
More than 75% of patients with Parkinson's disease have 
language and speech abnormalities.3 Sound reduction, 
lack of expression, difficulty in breathing and hoarseness 
affect speech clarity, language, and communication. 
These abnormalities are caused by inadequate vocal fold 
adduction, reduced laryngeal muscle activation or synergy, 
muscle atrophy or fatigue, asymmetric vocal fold tension 
or movements, and stiffness or rigidity of the vocal folds 
and respiratory muscles.13 Our patient initially exhibited 
mild hoarseness in his voice and spoke in a low murmur. 
Moreover, resting tremors were frequently observed on the 
lips and tongue, limiting the speed and range of movement 
of his entire speech and articulation system. To date, the 

LSVT program developed by Ramig et al. is the most 
effective treatment for Parkinson’s disease-related speech 
disorders. It involves an intensive structured program: 
each session consists of a set of simple tasks designed to 
maximize the patient’s voice and breathing abilities. The 
therapist instructs and constantly stimulates the patient to 
speak aloud with emphasis on constant conversation and 
various speech activities.14 The LSVT LOUD protocol was 
also shown to be the most effective when it was performed 
for 4 consecutive days per week (16 sessions per month) 
for 4 weeks.5 LSVT was performed according to the 
established protocol, and the patient’s dysarthria improved 
from moderate to mild dysarthria. His voice length, voice 
intensity, tone control, and speech intelligibility improved 
after the LSVT.

The patient's masked facies also improved after LSVT. 
The reduction in spontaneous expression without facial 
paralysis in patients with Parkinson’s disease is called 
“masked facies” or “hypomimia.” Hypomimia has 
been reported in up to 70% of patients with Parkinson's 
disease.15 Facial mobility was reportedly reduced in 
patients with Parkinson’s disease along with considerable 
retardation in the time required to reach peak expression 
(bradykinesia) compared to that in a control group.16 
Therefore, these patients smile less frequently and with 
a lower intensity. According to previous studies, LSVT 
is known to be effective for hypomimia observed in 
idiopathic parkinsonism.17 However, little is known 
about the presentation of masked facies in post-stroke 
parkinsonism. This case report supports that LSVT is 
also helpful in restoring various facial expressions in 
patients with dysarthria and hypomimia related to post-
stroke parkinsonism. Levodopa is effective for treating the 
motor and non-motor symptoms of IPD but shows poor 
therapeutic efficacy for secondary parkinsonism.18  However 
our patient responded well to increased dosage of levodopa 
in combination with speech therapy.

Our case report has some limitations. First, our patient 
was diagnosed with post-stroke parkinsonism through 
clinical symptoms and brain 18F-FDG-PET/CT results, but 
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other functional imaging techniques such as Dopa-PET or 
single-photon emission computed tomography (SPECT) 
were not performed. Dopamine transporter imaging, which 
aids in assessing the integrity of the dopaminergic pathway, 
is abnormal in IPD and other Parkinson-plus syndromes, 
and a normal scan can suggest an alternative diagnosis such 
as vascular parkinsonism or drug-induced parkinsonism.19,20 
The pathological background of vascular parkinsonism 
is poorly understood, and there are no generally accepted 
critera.21,22 However, an updated diagnostic approach in 2018 
subdivides vascular parkinsonism into three subdivisions: 
acute/subacute post-stroke vascular parkinsonism, insidious 
vascular parkinsonism, and mixed neurodegenerative 
parkinsonism and cerebrovascular disease.23 Our patient 
can be assumed to be included in the acute/subacute post-
stroke vascular parkinsonism due to the non-progressive 
clinical condition with timely relation to the occurrence 
of the stroke.23 However, the use of dopaminergic imaging 
may still have helped for more accurate diagnosis.19,23,24

The second limitation is that, since LSVT and levodopa 
administration were combined, it is difficult to conclude that 
the improvement of symptoms is a result of LSVT alone. 
However, the patient had already been taking levodopa and 
benserazide for 1 month at the time of admission but had no 
improvement in symptoms. Considering the effective period 
of levodopa and benserazide, which is 1-3 weeks,25 and 
since he did not show any improvement even with increased 
dosage, it is highly likely that LSVT for 4 weeks mainly 
led to the improvement in his symptoms. Nonetheless, the 
effect of LSVT and levodopa combination therapy cannot 
be excluded.

This case report suggests that LSVT along with levodopa 
administration can be effective for managing the axial 
symptoms of post-stoke parkinsonism. Further studies 
are needed to determine whether LSVT monotherapy is 
effective without levodopa in post-stroke parkinsonism. 
This repor t will be helpful for the management of 
secondary parkinsonism, especially those with features of 
dysarthria and masked facies.
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Supplemental Appendix A. LSVT LOUD Protocol6

Target

Increased movement amplitude directed predominately to respiratory/laryngeal systems

Intensity: standardized

Dosage: 
4 consecutive days a week for 4 weeks (16 sessions in one month)
Repetitions: minimum 15 repetitions/task
Effort: push for maximum patient-perceived effort each day
(8 or 9 on scale of 1–10 with 10 being the most)

Daily exercises

First half of the treatment session (30 min.)
Task 1: Maximum Sustained Movements
15 reps: sustain “ah” in Loud good quality voice as long as possible
Task 2: Directional Movements
15 reps each: say “ah” in Loud good quality voice going high in pitch;
15 reps each: say “ah” in Loud good quality voice going low in pitch
Task 3: Functional Phrases
Patient self-identifies 10 phrases or sentences he/she says daily in functional living (e.g., “Good morning”)
5 reps of the list of 10 phrases. “Read phrases using same effort/loudness as you did during the long “ah”

Hierarchy

Second half of the treatment session (30 min)
(i) Designed to train rescaled amplitude/effort of movement achieved in daily exercises and functional phrases into in context 
specific and variable speaking activities
(ii) Tasks increase complexity across weeks (Words-phrases-sentences-reading-conversation) and can be tailored to each patient’s 
goals and interests (e.g., golf versus cooking)
(iii) Tasks progress in difficulty by increasing duration (maintain LOUD for longer periods of time) amplitude (loudness, within 
normal limits), and complexity of tasks (dual processing, background noise, and attentional distracters)

Shaping techniques

Goal: train vocal loudness that is healthy and good quality (i.e., no unwanted vocal strain or excessive vocal fold closure) 
Technique: shape the quality and voice loudness through use of modeling or tactile/visual cues. “Watch me and do what I do.”
Minimal cognitive loading: behavior is not achieved through extensive instructions or explanations, which are often too complex 
for patients to generalize outside of the treatment room, but rather the patient is trained through modeling

Sensory recalibration

Treatment: focus attention on how it feels and sounds to talk LOUD
Carryover activities: start day one; daily assignments (treatment and nontreatment days); Loud good quality voice in real-
life situations; (i) difficulty of the assignment matches the level of the hierarchy where the person is working; (ii) make patient 
accountable and probe for comments from patient that people in their daily living have said, such as, “I can hear you better” 
Homework practice: start day one: daily assignments to practice at home (Daily Exercises and Hierarchy Exercises); treatment days 
(one other time for 5–10 minutes); nontreatment days (two times for 10–15 minutes); homework book provided and patient made 
accountable


